acetyltransferase from C. glutamicum located in the mitochondria of S. cerevisiae; MLS-argB Cg , acetylglutamate kinase from C. glutamicum located in the mitochondria of S. cerevisiae; argA Ec , glutamate N-acetyltransferase from E .coli; argB Ec , acetylglutamate kinase from E. coli; argC Cg , N-acetyl-gamma-glutamyl-phosphate reductase from C. glutamicum; argD Cg , acetylornithine aminotransferase from C. glutamicum; argJ Cg , ornithine acetyltransferase from C. glutamicum; ORT1, ornithine transporter of the mitochondrial inner membrane; AGC1, glutamate uniporter ; ODC1, transporter of α-ketodicarboxylate or α-ketoglutarate of the mitochondrial inner membrane; GDH1, NADP + -dependent glutamate dehydrogenase; GDH3, NADP + -dependent glutamate dehydrogenase; GLT1, NAD + -dependent glutamate synthase; GLN1, glutamine synthetase; GDH2, NAD + -dependent glutamate dehydrogenase; MLS-GDH1, mitochondrially targeted NADP + -dependent glutamate dehydrogenase; MLS-GDH2, mitochondrially targeted NAD + -dependent glutamate dehydrogenase; CIT1, citrate synthase; PYC2, pyruvate carboxylase isoform; ACO2, putative mitochondrial aconitase isozyme; IDP1, mitochondrial NADP + -specific isocitrate dehydrogenase; PDA1, E1 alpha subunit of the pyruvate dehydrogenase (PDH) complex; mPDA1, PDA1 with mutation S313A; KGD2, dihydrolipoyl transsuccinylase; HcAOX1, NADH alternative oxidase from Hansenula anomala; MTH1-∆T, truncated version of MTH1 which encodes a negative regulator of the glucose-sensing signal transduction pathway (225 bp internal deletion spanning from position 169 to 393 is implemented); NDI1, NADH:ubiquinone oxidoreductase.
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Supplementary Methods
Plasmid construction
All the plasmids used in this study can be found in Supplementary 6 . argB Cg and argJ Cg were targeted to the mitochondria using the N-terminal mitochondrial localization signal from subunit IV of the yeast cytochrome c oxidase (CoxIV) 7, 8 . All modules were constructed with the one-step PCR strategy similar to overlap extension PCR. The expression modules were co-transformed by electroporation with linearized vector pYX212 or p423GPD into S. cerevisiae BY4741, and the recombinants appeared on the corresponding plates after 2-4 days. Selected colonies formed on the plates were cultured in 5 ml of YPD liquid medium at 30 °C for 72 h. Recovered plasmids were checked by PCR to verify the assembled pathways. Alternatively, positive plasmids were also transformed into E. coli DH5α, recovered, digested by restriction endonucleases, and analyzed by gel electrophoresis. Other plasmids used in this study were constructed according to the regular restriction-enzyme based cloning.
Promoter replacement and chromosome integration of target genes
To replace the ARG3 promoter, the HXT1 promoter and KEX2 promoter were amplified from genomic DNA by PCR. The DNA cassette including the new promoter, the kanMX cassette and parts up-and downstream of the ARG3 promoter was constructed following the strategy of Table 2 ).
Cell growth media
Yeast strains without plasmids were maintained on YPD plates containing 10 g l -1 yeast extract, Defined minimal medium (Delft medium) as described before was used for both batch cultivations and fed-batch fermentations of L-ornithine producing strains 10 . Luria Bertani (LB) broth with 80 mg l −1 ampicillin was used for maintenance of E. coli DH5α harboring appropriate plasmids.
Shake flask cultivation for L-ornithine production
Shake flask cultivation was used to evaluate the L-ornithine producing strains. 20 ml cultures were started in 100 ml unbaffled cotton-stopped flasks by inoculating an amount of pre-culture that resulted in a final optical density of 0.05 at 600 nm (OD600). The strains were grown at 30 °C with 200 rpm. orbital shaking in defined minimal medium (Delft medium) with 20 g l −1 glucose 10 . Samples were taken periodically to measure the cell mass, L-ornithine titre, residual glucose and other metabolites.
Fed-batch cultivation of L-ornithine producing strains
For fed-batch cultivations 10 , strains were first grown in a batch culture with Delft medium and then an initial volume of 900 ml Delft media in a 3 l bioreactor was inoculated to a cell density of 0.05. Cells were cultivated at 30 ºC, 600 rpm agitation, 1 vvm air flow, dissolved oxygen above 30% (controlled by adjusting the air flow and agitation) and pH 5.5 (controlled by 2 M KOH).
After the glucose and part of the ethanol were consumed, the exponential feed was started.
The temperature, agitation, gassing, pH and composition of the off-gas were monitored and controlled using the DasGip monitoring and control system. The effluent gas from the fermentation was analyzed for real-time determination of oxygen and CO 2 concentration by DasGip fed-batch pro® gas analysis systems with the off gas analyzer GA4 based on zirconium dioxide and two-beam infrared sensor.
A feed strategy was designed keeping the volumetric growth rate constant. An exponential feed rate ν(t) (l h -1 ) was calculated according to: 
